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We declare the observation of spin superfluid state in Yttrium Iron Garnet (YIG) at room temper-
ature. It is similar to a Homogeneous Precessing State (HPD), observed earlier in antiferromagnetic
superfluid 3He-B. The formation of this state explains by the repulsive interaction between magnons,
which is required as a prior condition for the spin superfluidity. It establishes an energy gap, which
stabilizes the long range superfluid transport of magnetization and determines the Ginzburg-Landau
coherence length. This discovery paves a way to many quantum applications of supermagnonics at
room temperature, such as magnetic Josephson effect, long distance spin transport, Q-bit, quantum
logics, magnetic sensors and others.
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The coherent quantum state of matter - the super-
fluid state was discovered in 1938 by P. L. Kapitza in
liquid 4He at temperature of 2 K [1]. The first theoreti-
cal explanation of this state was done by F. London. He
suggested that the superfluidity could have some connec-
tion with Bose-Einstein condensation (BEC) [2]. In BEC
theory by Einstein the coherent state of noninteracting
particles was considered [3]. Recently it was successfully
applied for the weakly interacted deluted gas of atoms at
extremely low temperatures [4, 5]. But it can not be di-
rectly applied for the system with a strong inter-particle
interaction, like 4He liquid. In 1941 L. D. Landau sug-
gested that superfluidity can be understood in terms of
atomic states, modified by interaction. The phenomeno-
logical theory by L. D. Landau successfully explained the
superfluid properties [6]. The depletion of condensate in
4He is very strong: in the limit of zero temperature only
about 10% of particles occupy the state with zero mo-
mentum. Nevertheless, BEC still remains the key mech-
anism for the phenomenon of superfluidity in liquid 4He:
due to BEC the whole liquid (100% of 4He atoms) forms
a coherent quantum state at T = 0 and participates in
the non-dissipative superfluid flow. Nowadays the super-
fluid state is well known as a quantum state, governed by
a single wave function. Indeed, the superfluid state may
exist without BEC, like in BerezinskiiKosterlitzThouless
transition in 2D materials. And opposite, BEC may ex-
ist, but does not lead to a superfluid transport. It takes
place when there is no energy gap and kinetic energy de-
stroys the coherent state. In this case the critical current
is equal to zero.
The magnetically ordered materials are described by
the ground state and a gas of bosonic excitations which
are represented by magnons. At a condition of ther-
mal equilibrium the density of magnons is always be-
low the critical density, required for the Bose condensa-
tion. Indeed, the density of magnons can be increased
up to about Avagadro number by a magnetic resonance
methods. Usually the spin-spin interaction time is much
shorter than the spin-lattice relaxation time and magnon
gas may exist at a quasi equilibrium state. The magnon
gas is a very interesting object to study the Bose-Einstein
condensation (BEC) and formation of a spin superfluid
states. Its properties are strongy depends from the type
of spin-orbit interactions, which result in attractive or
repulsive interaction between magnons. At the first case
the formation of magnon BEC should be unstable. In-
deed, the recent experiments with magnon BEC forma-
tion shows a very interesting new dynamic effects at
this case. [7, 8]. Contrary, at the repulsive interac-
tion, the magnon BEC should be stable [9]. Further-
more, at higher density of magnons the collective spin
modes emerge. It is described by a common wave func-
tion and shows the properties comparable with the su-
perfluid component of 4He liquid. It exhibit the long dis-
tance spin supercurrent transport which is characterized
by a Ginzburg-Lanadau coherence length.
The first magnonic superfluid state was discovered in
1984 by A. S. Borovik-Romanov and Yu. M. Bunkov ex-
perimental group and described theoretically by I. Fomin
as a new state of magnetically ordered matter [10, 11]. It
was observed as the spontaneously self-organized phase-
coherent precession of spins in an antiferromagnetic su-
perfluid 3He-B. This state fulfills all criteria of coher-
ence, suggested later by Snoke [12]. It is radically differ-
ent from the conventional ordered states in magnets. It
emerges on the background of the ordered magnetic state,
and can be described in terms of the condensation of mag-
netic excitations to a superfluid coherent quantum state
[13–15]. The spin superfluid state exhibit many phe-
nomena analogues to other superfluid states, including
long distance spin supercurrent in the channel and phase-
slippage at a critical spin supercurrent [16–18], Josephson
spin-current effect [19, 20] as well as spin-current vortices
2[21, 22]. The Goldstone collective excitations of this state
(the analog of the second sound in 4He), were also ob-
served [23, 24]. The state, which is very near to a magnon
BEC state, was observed in a conditions of spatial trap.
In this case the BEC signal may ring for about tenth of
minutes at a frequency of 1 MHz [25, 26]. This new state
can be described in a terms of a self trapping model,
suggested earlier for the formation of elementary parti-
cles [27, 28]. The spin superfluid state was also observed
in 3He-A in the conditions, when spin-orbit interaction
was changed from attractive to repulsive [29–31]. It was
also resently observed in other superfluid state - 3He-P
[32]. The discovery of spin superfluidity in 3He has been
recognized in 2004 by the Low Temperature community
by a prestigious F. London prize [33, 34].
It is very important to note, that there is no any
principal difference between the magnon gas in super-
fluid 3He and in solid magnetically ordered materials.
The magnetic ordering is a quantum phenomenon. The
model of spatially fixed magnetic moments, usually ap-
plied at some theoretical considerations, describes only
limited number of observations. For example, it fails
to reproduce the temperature dependens of magnetiza-
tion. The correct consideration follows from Holstein-
Primakoff transformation model [35] in which magnons -
the quanta of magnetic existations are not localized and
may flow as a magnon liquid. That is why the nature of
superflow of magnetization in superfluid 3He is similar to
one for solid magnetic materials. The difference is only
the value of Gilbert damping, which in superfluid 3He can
be as small as 10−8 while in solid magnetic materials it is
about 10−5 in the best case of the magnetic dielectric fer-
rimagnets represented by yttrium iron-garnets. Indeed,
the properties of magnon flow, magnon BEC and magnon
supercurrent in antiferromagnetic superfluid 3He and in
YIG film are very similar. The first experimental obser-
vations of the spin superfluid phenomenon in a YIG film
at room temperature are presented in this article.
The superfluid state is characterized by the off-
diagonal long-range order (ODLRO) [36]. In superfluid
4He and in the coherent atomic systems the operators
of creation and annihilations of atoms with momentum
p = 0 have the time-dependent vacuum expectation
value. For the creation operator
〈aˆ0〉 = N
1/2
0 e
iµt+iα , (1)
where N0 is the number of particles in the coherent state
and µ and α are chemical potential and the phase of wave
function, respectively.
The analogy between spin precession and ODLRO in
superfluids is seen if one compares the operator of cre-
ation of particle aˆ+0 with the operator Sˆ
+ of creation of
spin projecton on axis z, whose expectation value is:
〈
Sˆ+
〉
= Sx + iSy =
√
S − Sˆz e
iωt+iα . (2)
This analogy suggests that in the coherent spin pre-
cession the role of particle number N is played by the
projection of total spin on the direction of the external
magnetic field Sz [14, 37]. The role of chemical potential
is taken by the precession frequency. It is important to
note, that the Zeeman energy should be incorporated to
the chemical potential, since it may vary in space in the
case of magnetic field inhomogeneity.
The hydrodynamic equations for the magnon super-
fluid are the Hamilton equations for the canonically con-
jugated variables N and α:
α˙ =
δF
δN
, N˙ = −
δF
δα
, (3)
where F is the Ginzburg-Landau free energy functional
of the system [38]. This functional in a frame, rotating
at a frequency ω has the conventional form
F−µN =
∫
d3r
{ |∇Ψ|2
2m
+
[
ωL(r)−ω
]
|Ψ|2+Fso(|Ψ|
2)
}
.
(4)
Here ωL(r) = γH(r) is the local Larmor frequency, which
plays the role of external potential U(r) in atomic con-
densates. The last term Fso(|Ψ|2) contains nonlinear-
ity which comes from the spin-orbit interaction. It is
analogous to the 4-th order term in the atomic BEC,
which describes the interaction between the atoms. The
spin-orbit interaction provides the effective interaction
between magnons, which can be attractive or repulsive.
The spin-orbit interaction contains quadratic and quartic
terms in |Ψ|.
Fso(|Ψ|
2) = a|Ψ|2 + b|Ψ|4 + .... (5)
While the quadratic term modifies the potential U in the
Ginzburg-Landau free energy, the quartic term simulates
the interaction between magnons.
We are able to rewrite Eq. (4) in the next form [14]:
F − µN =
∫
d3r
{ |∇Ψ|2
2m
+
[
ω0(r) − ω
]
|Ψ|2 + b|Ψ|4)
}
,
(6)
where ω0(r) = ωL(r)+a(r) is the frequency of precession
at a limit of small excitation. Here we regrope terms with
|Ψ|2 and |Ψ|4. The magnon number density N is related
to the deflection angle β via
N = |Ψ|2 = M (1 − cosβ ) (7)
and the frequency of magnetization precession is
ωS(r) = ω0(r) + 2b(1− cos(β(r))), (8)
where M is the magnetization.
The gradients of α excites the spin supercurrent, which
transports the longitudinal magnetization [38]:
J = N∇α , (9)
3This long distance spin supercurrent was measured di-
rectly in the experiments, described in [16–18]. It was
confirmed that the critical current corresponds to the
critical phase gradient, which is the inverse value of the
Ginzburg-Landau coherence length ξGL:
∇αc = 1/ξGL =
√
ω0(ωS − ω0)/cSW , (10)
where cSW is a spin wave velocity. It is determined by
the competition between the energy of repulsive interac-
tion (third term in Eq. 6) and kinetic energy of flow (first
term in Eq. 6). Please note, that at the attractive inter-
action the coefficient b is negative and spin supercurrents
unstable.
The remarkable consequence of the spin superfluid-
ity is the formation of the homogeneous precession do-
main (HPD) even in a strongly inhomogeneous magnetic
field. It is formed because the gradient of magnetic field
leads to a gradient of phase of magnetization precession
which excites the spin supercurrent. The latter trans-
ports magnons to the direction of smaller field. The
precession frequency increases untill the gradient of pre-
cession vanishes. Finally the equilibrium state with the
precession frequency ωS(r) = const is established. Any
perturbation of this state excites the spin supercurrent
which restore the coherent precession. It was shown that
the HPD state appears spontaneously at some delay after
the pulse of magnetic resonance excitation. This state ra-
diates an extremely long living induction signal [10, 11].
It can persist for several minutes due to the very slow re-
laxation (evaporation) of quasiparticles [28, 39]. Recently
this type of the signal was considered as a time-crystal
[40]. It is important to note that the HPD state is the
eigen state of the ensemble of excited magnons. At relax-
ation the number of magnons decreases, the frequency of
HPD decreases but the magnons remain in the coherent
state.
The other distinctive feature of the HPD state is its
permanence. In the case of the atomic BEC the state
disappears because of the atom evaporation. In the case
of HPD it is possible to replenish the losses (evaporation)
of quasiparticles by excitation of new quasiparticles. It
was shown experimentally [29, 41, 42], that a weak RF
pumping at a frequency ωS stabilizes chemical poten-
tial of magnon gas and keeps its density constant. The
corresponding phase difference between the magnetiza-
tion precession and the RF field appears automatically
to compensate the energy losses.
In this article we describe the first observation of HPD
state in an out-of-plane magnetized YIG film. The ex-
periments were performed on a YIG films of 6 and 1 µm
thickness in a shape of a disks 0.5 and 0.3 mm in diameter
(see Methods).
The magnetization precession in the out-of-plane mag-
netized YIG film has dynamic properties very similar to
ones in a superfluid 3He-B. The repulsive interaction be-
tween magnons leads to the dynamical frequency shift of
the precession at its deflection on angle β [43] described
by equation:
ω − ω0 = γ4piMS(1− cosβ), (11)
where ω is magnon frequency of the homogeneous preces-
sion (k=0) at the deflection angle β, ω0 is magnon fre-
quency at the limit of small excitation, γ is gyromagnetic
ratio, andMS is saturation magnetization. It means that
the local frequency grows with increasing magnon den-
sity. As a result the resonance field decreases if we excite
the system at a constant frequency.
We have investigated the FMR adsorption signals from
the YIG film at frequency 9.26 GHz and different RF
power of excitation. The signals are shown in Fig. 1. At
first sight it looks like a well known signals of the non-
linear (bi-stable) resonance, first described by Anderson
et al. [44]. However this theory does not correspond well
to the experimental results at relatively high excitation
[45]. The reason for this discrepancy is that the Ander-
son’s theory doesn’t take into account the spin super-
currents, which play a very important role at a high an-
gles of the magnetization deflection, when the density of
magnons surpase the conditions of magnon Bose-Einstein
condensation, which is about 2-3 ◦ for YIG film [46].
At a relatively small excitation power of 0.05, 0.1 and
0.4 mW (see Fig. 1B) the amplitude of absorption sig-
nal grows proportionally to the RF field. This property is
correspond to an excitation of the magnon gas. At higher
excitation the “capture” of a signal takes place. The sig-
nals start to follow the field change (see curve c in Fig.
1B). This non-linear behavior starts at an angle of de-
flection about 2-3◦, when the field shift of the resonance
became bigger then the broadening of the resonance line.
This angle of deflection is corresponds to the theoreti-
cal approximation for magnon BEC formation [46]. At
higher excitation the signal follows the magnetic field up
to its change by 80 Oe, as follows from the curve d at
the Fig. 1A. This field shift corresponds to a frequency
shift of about 320 MHz and the angle of magnetization
deflection (see Eq. 7) by about 20◦!
At some critical field change the signal disintegrate.
This critical field shift (CFS) strongly depends on the ex-
citing power. If we sweep the field up the signal restore
at a some field, which is quite near to the field of disinte-
gration (see dotted line d in Fig. 1A). The observed be-
havior of the signal amplitude shows that the signals are
generated by a state with coherent precession of magneti-
zation, which appears due to a spatial magnons redistri-
bution by the spin supercurrent. Its properties are wery
similar to one in antiferromagnetic superfluid 3He, and
particularly to the signals in 3He-A in aerogel [29, 30, 47].
According to a theoretical consideration for the out-of-
plane magnetized yttrium iron garnet film the density of
excited magnons should reach the conditions of BEC at
the angle of magnetization deflection about β = 2, 5◦ [46].
45040 5060 5080 5100 5120 5140 5160
0.00
0.01
0.02
0.03
0.04
0.05
0.06
5140 5145 5150 5155
0.000
0.001
0.002
d
c
b
 A
m
p
li
tu
d
e
, 
a
rb
. 
u
.
 10.0 mW (a)
 20.0 mW (b)
 40.0 mW (c)
 80.0 mW (d)
 
 
H
0
, Oe
a
(A) (B)
d
e
c
b
a
 0.05 mW (a)
   0.1 mW (b)
   0.4 mW (c)
   0.8 mW (d)
   1.0 mW (e)
 A
m
p
li
tu
d
e
, 
a
rb
.u
.
 
H
0
, Oe
FIG. 1: Amplitudes of the absorption signals at a frequency
of 9.26 GHz for different RF pumping powers at a magnetic
field sweep down. The curves a, b and c in Fig. B corre-
sponds to a linear magnetic resonance, when the amplitude
of the signal is proportional to the RF field. The curve c cor-
respond to conditions, when the magnon BEC should forms.
Curves at higher excitation correspond to the conditions to
a non-linear behavior of signals when the magnon superflow
plays an important role. It redistribute the magnetization in
the sample and provide the stability of coherent precession.
Curve d in Fig A corresponds to a highest energy of excitation
at this experiment. The field shift of the signal about 80 Oe
was achieved. It corresponds to an angle of precessing mag-
netization deflection of about 20◦. The curve d, which shown
by dotted line corresponds to a signal we have observed at a
sweep field up. It shows that the signal of non-linear mag-
netic resonance restores at a small hysteresis. (The power of
100 mW in these experiments corresponds roughly to the RF
magnetic field of 0.1 Oe.)
This angle well corresponds to a begining of signals non-
linearity (see Fig. 1). At an excitation power higher then
0.4 mW for the conditions of our experiments the density
of magnons increases and strong repulsive interaction be-
tween magnons modifies the spectrum of magnons. The
spin dynamics can not be described anymore by the BEC
theory of weekly interacted magnons. The formation of
coherent macroscopic states and long distance spin su-
percurrent should be considered.
In Fig. 2 the profile of effective magnetic field in the
500 µm in diameter disk-shaped YIG film is shown. It
was calculated by OOMMF micromagnetic software [48].
The effective field has a minimum at the disk center due
to the demagnetization field. One may suggest that at a
field sweep down the resonance conditions appear first at
a central part. Then the magnetization deflects and the
frequency follows to the resonance conditions at a smaller
field untill the signal breaks down. But why the signal
restore at a field sweep up with a very small hysteresis.
Let us consider the case, when the resonanse conditions
appears only near the edge of the sample. If we apply
the RF field at the frequency corresponding to the ferro-
magnetic resonance near the edge (at R = 200 µm in Fig.
2) the spin waves will be excited at this region (see the
right inset Fig. 2 red dot line). If the excitation power
N 
FIG. 2: Variation of the local effective magnetic field from the
center of the sample (red line) and the frequency shift due to
the magnon chemical potential (blue line), which compensates
the inhomogeneity of magnetic field. The inset to the right
shows schematically the spatial distribution of magnetization
deflection (sin β) at small excitation (point red line), at a
higher excitation, when magnons start to superflow to lower
field parts of the disk (dashed blue line) and the HPD state
(solid black line). The inset to the left side shows the HPD
droplet of coherent magnons.
will be increased the deflection angle also increases and
may surpasses the critical BEC angle. The gradient of
phase of precession and spin supercurrent will appears
due to the gradient of effective magnetic field. It will
transport magnons in the direction of smaller field, to
the central part of the sample (Fig. 2 dashed blue line).
Finally, the angle of magnetization deflection in the cen-
tral part increases up to a value, which corresponds to the
precession frequency equal to RF field (black line). The
spatial distribution of dynamic frequency shift is shown
in Fig. 2 by a solid blue line. This shift compensates
the inhomogeneity of effective magnetic field and all the
magnetization precesses at the frequency of RF field. The
HPD state is the eigenstate in inhomogeneous magnetic
field for a given number of magnons. This scenario was
carefully investigated in the experiments with superfluid
3He and MnCO3. [41, 49].
The HPD state has a form of droplet, artistically shown
in the left inset in Fig. 2. Deflected magnetization pre-
cesses coherently and homogeneously at a frequency:
ω = γH(r) + ∆ω(r) = const, (12)
where H(r) is the effective magnetic field at a point r.
Furthermore, the spin supercurrent compensates the in-
homogeneity of magnetization relaxation by redistribu-
tion of magnons density. This state exists permanently
in the case of RF pumping at the frequency of the HPD
state, which compensates the evaporation of magnons.
The superfluid state is supported by a permanent
pumping of the RF magnetic field, HRF, which is trans-
verse to the applied constant external magnetic field
5H0. The RF field prescribes the precession frequency,
ω = ωRF, and thus fixes the chemical potential µ = ω.
In the precession frame, where both the RF field and the
deflected magnetization M are constant, the interaction
energy term is
FRF = −HRF ·M = −HRFM⊥ cos(α− αRF) , (13)
where HRF and αRF are the amplitude and the phase of
the RF field. This term softly breaks the U(1)-symmetry
and serves as a source of the mass of Nambu-Goldstone
mode [50]. The phase difference between the condensate
and RF field, (α − αRF ), is determined by the energy
losses due to magnetic relaxation, which is compensated
by the pumping power of the RF field:
W = ωMHRF sinβ sin (α− αRF). (14)
The phase difference is automatically adjusted to com-
pensate the losses. If dissipation is small, the phase shift
is small (α − αRF ≪ 1) and can be neglected. The ne-
glected (α−αRF)2 term leads to the nonzero mass of the
Goldstone boson – quantum of the second sound waves
(phonons) in the magnonic superfluid [50]. The signal
breaks down at the moment, when the RF power is not
enough to compensate the magnons dissipation. Since
the pumping (14) is proportional to sinβ sin(α − αRF),
a critical tilting angle βc, at which the pumping cannot
compensate the losses, increases with increasing HRF .
The breaks down occurs when the phase shift (α− αRF)
reaches 90◦. At this moment the adsorption signal cor-
responds to a transverse magnetization of the sample.
In Fig. 3 it is shown by points. The theoretical curve,
shown in Fig. 3 by solid line, is calculated for the assump-
tion that the HPD droplet fills up all the region, where
magnetic field is less than ωRF/γ. The theoretical curve
shows a good agreement with the experimental points.
The similar results were obtained in other samples.
Let us compare the experimental results with the the-
ory of non-linear resonance [44]. This theoretical ap-
proach is based on the properties of a single non-linear
oscillator. It supposes that at increase of the excitation
power, the angle of deflection increases which leads to a
frequency shift. This theory describes well the non-linear
resonance in ferromagnets at a relatively small angles of
deflection but strongy disagrees with the experimental
results at higher angles [45]. A more sophisticated the-
ory of autoresonance was suggested in [51], where a singe
non-linear oscillator is also considered. This model is not
applicable to real magnetically ordered materials since
the spin system consists of many oscillators with differ-
ent ground frequency due to inhomogeneity of magnetic
field. If we try to modify the theory for a number of the
non-interacting oscillators with different ground frequen-
cies we should conclude that the break down points are
different for different oscillators. As a result the exper-
imental curve of signal break down should be broaden
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FIG. 3: The absorption signal amplitude at the moment
of breaks down of the HPD state (points). The theoretical
curve (red solid line) was calculated for the signal from the
magnonic droplet at these conditions. The inset shows the
magnetization deflection (sin β) in the center of the magnon
droplet and the film surface area, occupied by the droplet (S).
on the magnetic field. Indeed, experimentally the break
down appears very abruptly. The even more important
argument against this theory is the recovery of signal
with a very small hysteresis at a sweep magnetic field
up. The non-liner oscillator can not be excited by out of
resonance excitation. It is clearly shown in Fig. 3 of Ref.
[51]. It may be excited at a sweep field up only near the
resonance, at a field shift of a homogeneous broadening
of the line, which is about 2 Oe. Experimentally the ex-
citation takes place at uncomparable big shift of 80 Oe.
This can be explained only by a resonance excition of
magnons at the edge and its redistribution throw all the
sample by spin supercurrent. The comparison between
the model of non-linear oscillator and HPD have been
investigated in Ref. [52].
It is very important to note that the spin supercur-
rent exists only at the conditions of repulsive interaction
between magnons. In the case of attractive interaction
the superfluid critical velocity is equal to zero and the
superfluid state is unstable [53].
Finally, we have shown the big importance of spin su-
percurrent transport to explain the properties of the non-
linear magnetic resonance. We have demonstrated the
formation of a macroscopic region with the coherent pre-
cession of magnetization in an inhomogeneous effective
magnetic field in the out-of-plane magnetized YIG film.
This state is the first permanent superfluid state of con-
densed matter demonstrated at room temperature. It is
an ideal platform for development of microwave magnetic
technologies, which have already resulted in the creation
of the magnon transistor and the first magnon logic gate
[54, 55]. The YIG films can be used as the basis for
6new solid-state quantum measurement and information
processing technologies including cavity-based QED, op-
tomagnonics, and optomechanics [56]. A chain of YIG
samples with excited HPD droplets may be considered
as a Q-bits, interacting through Josephson junctions for
a quantum computer. The formation of the magnon BEC
in YIG and observation of the spin supercurrent, like in
3He, should lead to the development of a new branch of
modern magnetism - supermagnonics.
Methods
All samples were prepared from yttrium iron gar-
net films grown by liquid phase epitaxy on 500
µm thick GGG substrates with the (111) crystallo-
graphic orientation [57]. To reduce the effect of cu-
bic magnetic anisotropy, we used scandium substituted
Lu1.5Y1.5Fe4.4Sc0.6O12 iron garnet films; the introduc-
tion of lutetium ions was necessary to match the param-
eters of the substrate and film crystal gratings. It is
known that the introduction of scandium ions in such
an amount reduces the field of cubic anisotropy by more
than an order of magnitude [58]. In addition, the used
lutetium and scandium ions practically do not contribute
to additional relaxation in the YIG. The samples were
prepared in the form of a disk with diameters of 500 and
300 µm and a thickness of 6 µm. The disk was made
by photolithography. To avoid magnetic pinning on the
surface the sample was etched in a hot phosphoric acid
[59]. As a result, the edges of the disk have a slope of 45
degrees and had a smooth surface.
The CW FMR experiments were performed on Varian
E-12 X-band EPR spectrometer at the room temperature
and the frequency 9.26 GHz. The RF field was oriented
in plane of the samples. The amplitude and the frequency
of magnetic field modulation were 0.05 Oe and 100 kHz,
respectively. This frequency is much lower than the es-
timated frequency of the second sound of the magnon
BEC (The Goldston mode). That is why we may con-
sider these conditions as stationary. The absorption sig-
nals, presented here, were obtained after the integration
of the original signals.
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